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RESULTS OF TESTS (OA64 AND IA35) OF AN 0.015-SCALE MODEL 
(36-OTS) OF THE SPACE SHUTTLE CONFIGURATION 140A/B 
IN THE NASA/LaRC UNITARY PLAN WIND TUNNEL 


By D. &. Thornton and R. H. Spangler, Rockwell International 
ABSTRACT 


Supersonic aerodynamic tests were conducted in the NASA/LaRC Unitary 
Plan Wind Tunnel on a 0.015-scale model of the Space Shuttle Vehicle 4 
configuration. Surface pressure data were obtained for both the launch 
(test IA35) and entry (test OA64) configurations at Mach numbers from 2.5 
to 4.5. 

The surface pressure was me.sured in the vicinity of the cargo bay 
door hing. and parting lines and on the side of the fuselage at the crew 
compartment and below the OMS pods at’ the aft compartment. Data were ob- 


tained for angles of attack and sideslip consistent witn the expected ex= 


cursious sbout the nominal trajectory values at the test Mach numbers. These 


test: cre a part of a test series supporting the orbiter venting analysis 


over a Mach number range from 0.6 to 10.4. 
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INTRODUCTION 


The 0.015-scale Vent Pressure model (36-OTS) was tested in the high 
speed leg of the NASA Langley Research Center Unitary Plan Wind Tunnel at 
Mach numbers of 2.5, 2.95, 4.0, and 4.5. Pressure data were obtained to 
support the analysis of orbiter venting requirements during the ascent and 
entry modes. The effects of angle of attack and sideslip were investigated 
over a range consistent with trajectory requirements. 

The tests were conducted during the period from October 30 through 
November 2, 1973. The shuttle program test identification numbers were 


OA64 and IA35. The faci*ity test number was 1063. 
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NOMENCLATURE 
| General 
ia , SADSAC 
SYMBOL SYMBOL DEFINITION 
a : a speed of sound; m/sec, ft/sec | 
; ! Cp CP pressure coefficient; (Pp) - Pa)/aq : 
Op M MACH Mech number; V/a 
ae 
i p pressure; N/m“, psf 
fA Q Q( NSM ) dynamic pressure; 1/2ev", N/m“, psf 
a Q(PSF ) | 
ah. RN/L RN/E unit Reynolds number; per m, per ft 
mi 
xX Vv velocity; m/sec, ft/sec 
: Oo ALPHA angle of attack, degrees 
: B BETA angle of sideslip, degrees 
: wy PSI angle of yaw, degrees 
: d PHI angle of roll, degrees 
p mass density; kg/m>, slugs/rt3 
Reference & C.G. Definitions 
7 Ab bese area; me, ft 
: b BREF wing span or reference span; m, ft 
CoB. center of gravity ° 
: p LKEF reference length or wing mean 
; c aerodynamic chord; m, ft 
S SREF wing erea or reference area; m°, fte 
MRP moment reference point 
XMRP moment reference point cn X axis 
YMRP moment reference point on Y axis 
ZMRP moment reference point on Z axis 
; : 
i SUBSCRIPTS 
{ A I 
by base 
: ‘ L local 
a ( : static conditions 
me t total conditions 
an h 4 free stream 
Se 
a «i 
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ae 
ae 
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NOMENCLATURE (Continued) : 
Additional Nomenclature a 


SANSAC | 
Symbol symbol Definition , 


x/2 X/L longitudinal location on orbiter fuselage, fraction | | 
of body length - 


Se, ELEVON left elevon deflection angle,positive trailing edge _ 
down, degrees ; 


> PHI angular location on orbiter fuselage, degrees 
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CONFIGURATIONS INVESTIGATED 


The 0.015<seale model was a replica of the Space Sauttle Configuration 
LUOA/B Orbiter and Vehiicle 4 external tank (ET) and solid rocket boosters 
(SRB). Though the attach points for the SRB and ET were in the proper loca- 
tion no attempt was made to simulate the actual attach configuration. Also, 
the external feed and vent lines on the ET were not simulated. 

The orbiter was instrumented with 176 pressure taps on the left side 
of the fuselage. The orifices were located at the cargo bay door hinge and 
parting lines, on the side of the fuselage by the crew compartment and beiow 
the OMS pod at the aft compartment. The ET and SRB‘'s were not instrumented. 

Tl2 pressures were measured by four 10 psia Stathan PA 208 TC absolute 
pressure transducers housed in four type S Scanivalve pressure multiplexors 
jriven by a single solenoid type stepper. Calibration pressures were mea- 
sured by the facility micro-manometers. 

Two configurations were tested. During launch vehicle testing the 
SRB's were attached to the tank and the ET to the orbiter. All control 
surfaces were set at 0° deflection. For entry configuration testing the 
SRB's and ET were replaced with appropriate off blocks. The left elevon 
was set at -15°. <All other control surfaces remained at 0° deflection. 

During the course of the test some pressure orifices or associated 
tubing developed leaks or becume plugged. The following list presents 
these discrepancies and the affected runs: 
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Leaks Leh, O43, 340 
7 P Llusseed Oke, 303 


‘tf Runs 36 to 50 


eS Leaks 144, O43, 340, 428, 45 
Restricted 303 
Plugged 2h6, 2h7 
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The following conditions were run: 


a. 


OABL = Orbiter alone 
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’ 
“ c 
TS Se 


c 
Siwy 


ty 8 : Sef, = -15° 
aid | Mach Nos. = 2.5, 2.95, 4.0, 4.5 ‘ 
2. Reynolds Nos. = 3.8, 3.35, 3.5, 3.5 x 10 
= Fe ®= 8, 10, 10, 14, 16, 18, 20, 22 

an B=u, +2, +h, +6 

ca 

ee 

4. TA35 = Launch Vehicle 

sh 
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éet, = 0° 

Mach Nos. = 2.5, 2.95, 4.0, 4.5 

Reynolds No. = 3.8, _.35, 3.5, 3.5 x 10° 
O# =O, +2, +4, +6 

B =0, +h, +6 
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TEST FACILITY DESCRIPTION 


The NASA LaRC 4-Foot Unitary Plan Wind Tunnel (UPWT) is a closed- 
circuit, continuous flow, variable density facility. The test eee 
is 4 feet by 4 feet by 7 feet long. 

Two tunnel legs are available for supersonic testing in the Mach 
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2). An 
asymmetric, sliding block nozzle position and total pressure setting pro- 
vide the test Mach numbers at a specified Reynolds number. Reynolds num- 
ber can be varied from 0.76 to 7.78 million per foot. Available stagna~ 
tion pressure variation is 4.0 to 142. psia. Dynamic pressure variation 
is 95. to 1260. psf with normal operating stagnation temperature about 
150°F in Mach modes 2 or 3 and about 175°F in Mach mode 4. The tunnel is 
equipped with a dry air supply, an evacuating system, and a cooling system. 
The facility power is approximately 83,000 horsepower. 

Model mounting provisions consist of various sting arrangements, 
including axial (longitudinal), lateral (independent pitch and yaw), and 
roll movement with side wall support. A Schlieren system and oil flow 
visualization equipment are available. Data are recorded at the tunnel 
and reduced off-line at the Langley Computer Center. The tyes ae used 
Zor force and moment, pressure, and dynamic stability tests. Hot and cold 


“et et“ects and heat transfer have been studied in the UPWT. 
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DRAWING NUMBER: VL70-000149A 
DIMENSIONS : —- FULL-SCALE 


Length (Body Fwd Sta X, = 235) - in. 1293.3 
Max. Width (at X, = 1520) - in. 262.0 


iy 


Max. Depth (at X, = 1464) - in. 250.0 
Fineness Ratio » 26357 
Area - ft? . 

Max. Cross-Sectiona! 340. 88462 
Planform 
Wetted 
. Base tate ee, 
t 


MODEL SCALE 


0.07670 











a 


{ 
q 


7 
| : VWABLE IL], - Continued. 
3 , 

j 
; 


oo. MODEL COMPONENT: CA0PY = Cg 0 


as . 
ns : GENERAL DESCRIPTION: Confieuretion 3a 
Se 
TT A ALI aT er i enersaegrenesnepetranteruantaennsstnas 
Model Scale = 0.015 


. ae » 
bo Ik 1 
us tee ‘i .: ne . , 
DL LS, a ee eee oe en 
- = cas Be 3 * FS, = 
a i® 7 en ges ” 
S 2 


- Sc Aeeeaoae 
« " - 


VL70-O00L,0A 
DRAWING NUMBER PL70-00012" 


DIMENSION: ; FULL SCALE MODEL SCALE 


: i! a 


Ge ee 
mt FE 


* 


f : Length (X.=434.643 to 670) 235.357 3.53036 
= Mox Width (5 X5=513.127) 152.412 2.2R618 


, 
2 Nowe Sao tae 
mtg “he 7 
*. 
a 


| 


Mox Depth (2 Xo=485.0) | 25.000 


Fineness Ratio — 


—9:31500_ 


gE I RAT TITS 





‘ oy ee 
ATL eas 
ou oe ee 





Waa 


ob ! i 

seen PR EE Sen 6, os Vege 
py rr ae oN a 
. ae _ BS a a Oy o ta " 


Area 


a 


Max Cross-Sectional 
Planform : 
Wetted 


Base 


|] 


Ce i a i es 


< ' 
: : “ | . ite a 
i s ‘ vanes i 
hea ont r. SI: ; a der 
Si Ce age sd es - >’ + 


I 
Ce 
a 


= 


ae av, 
S 
a 
SN wess patito tere te 


Lae 1: | _ 
x - tara 
a” wv od 

St a 


ee ee ae 
By Seles tee 


= 
c 4 
Pa i 
$5 
“ae te 
- 2)" is 
a ‘ 
= Af ; e 
* . t 
sy . en 
my 
ce Ie 
hy s 
2 - vf ¢ . 
tow ra 
tp ow 4? 
re 4? ¢ 
= 
- 24 i 
on 
. , + 
y y: 
¥' 
hoy : 
"re t 
at*. % : 
ot io r 
as oe ! ) 
v 
con 1 4 





. 
‘i re, 
ws f 
u ~ 
Ben. 3 
ras, { i) 
R an) 


Pe ad - 


ee See te et ee - 


a a 


ee meet ee er ee ON 





| 
| 


Yo sweat 6 
1” . 
=. .~ 


pr err; SO Sas er Fam Th Sendaitatndiindeneasteemmemned denamatnestatatieerationn aaaaemmtinemaimnatatiind 





¢ 
TABLE LTII. - Continued. 


MODEL COMPONENT: PyEVON ~ Bp eee 


GENERAL DESCRIPT101: Conficuration 4 


NOTE: VL70--000400 date for (1) of (2) sides. Identical to Roe except 
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Model Scale = 0.015 
VL70-006200 

DRAWING KUABER: V1L70-000140 8 

DIMENSIONS: ° ; FULL-SCALE MODEL SCALE 
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MODEL COMPONENT: Body Flap - Fe 

GENERAL DESCRIPTION: Configuration 4 
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Model Scale - 9.015 a “i 
DRAWING NUMBER _ VL70-000140B, VL70-000200 
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MODEL COMPONENT: RSRM NOZZLES - N25 


GENERAL DESCRIPTION: Confireuration 3A_BSRM Nozzles 
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DRAWING NO. y17-000036 


DIMENS IONS | | FULL-SCALB MODEL SCALE 
MACH NO. | | 
DIAMETER DEX ~ IN (One Nozzle) 141.3 2.11950 
DIAMETER DT ~ IN 
DIAMETER DIN ~ IN 


ON ~ DEGREES 





AREA ~- FT“ (One Nozzle) 
MAX CROSS-SECTIONAL 108.89595 0.02450 
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MODEL COMPONENT: _RUDDER = R50 


GENERAL DESCRIPTION: 


2k, 3 and 3A Configuration per Rockwell Lines 


VL70-000095 : 
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DRAWING NUMBER: VL70-000095 


"DIMENSIONS: 


Area - FT2 

Span (equivalent) - IN. 
Inb'd equivalent chord 
Qutb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
: At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 


Arca Moment (Normal to hinge Tine,- Fr 
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MODEL COMPONENT: __scosTr2 SOLID ROGKET MOTOR - S12 
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GENERAL DESCRIPTION;  Configuretion 3A, Date .or (1) of (2) sides, 


per Rockwell tines VL77-O1°°36a 
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DRAWING NUMBER _¥i77-000036A 
DIMENSION: _ FULL SCALE 
Length (Includes. Nozzle) - IN. 1741.0 
Mox Width (Tank Dis) - IN. 142.3 
Mox Depth (Aft Shroud) - IN. 192.0 
Fineness Ratio | 9.06771 
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Max Cross-Sectional 201.06193 
Planform 
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TABLE LIT. = Continued, 
MODEL COMPONENT: EXTERNAL TANK ~ T19 
a eee 


GENERAL DESCRIPTION:  Exterral Oxygen Hydrogen Tank 
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CC LE TELL TELECAST tgersreeaaeaapesetesreamaes 
__ OTH: Identical te T1l with external fuel lines added 


pode Seats = 9.015 
VL78--000031a 
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DIMENSION: _ FULL SCALE 
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MODEL SCALE 
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Length ~ IN. (Nose @ Xp = 309) 1865 
Mox Width (Dia) - IN, | 32h. 
Mox Depth | 











Fineness Ratio | 5.75617 5.75617 


Areo . FT2 | 
Mox Cross-Sectional 72.555 0.12882 
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‘ ; TABLE I1I, - Concluded. 


MODEL COMPONENT: WING-W. 
SENERA. DESCRI°OTION: Configuration 4 | 
NOTE: Tdentical to Leer except Birfoil thickness. Dihedral, Angles ALOng as 





—HOUEL SCALE; pois 
TEST.NO. ONG. NOsyrrosnom 
DIMENSIONS: | kee oe MODEL SCALE 
TOTAL DATA - | 
BS neo.) Fe? . 
anform Ps 2620.00 —~— 2.00525, 
Span (Theo In. - 3 | ~ 236.6816 =5.05022_. 
Aspect Ratio jae F< ween 2BSren 
Rate of Taper es NP Wy a A ewwndesaledntane 
Taper Ratio pau © PY 0.0 a 0.200. 
. Dihedral Angle, dogieas weed OO. 20 Fe GO Dennane 
| pstarpeatag ot gig dome eee i20__. me 500. 
erocynaniic st rees | + 3,000 +3000" 
Sweep Back Angles, degrees ~ 
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Data for (1) of (2) Sides 
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Leading Edge Intersects Wing @ Sta 1093.5 35..05250 
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